A theory is presented on the colloidal nature and related properties of clays, based upon the findings of certain soil scientists and the existing knowledge of the phenomena of coagulation, deflocculation, plasticity, drying shrinkage, and dry transverse strength. It is thought that this paper will allay some of the present confusion of ideas concerning the subject of clay colloids by adaptation of this theory to furnish a more satisfactory explanation of the above phenomena.
Micelle.-The clay particle, its ionic atmosphere and imbibed water (see section VI). [(1) plus (2) Colloid complex.-The active particle surface together with its micellar ion atmosphere and imbibed water [(2) plus (3)]. Acidic constituents.--Those integral components of the particle which have a negative ionic charge when ionized (the acid radicals of weak acids) [A] . Amphoteric constituents .-Those integral components of the particle which ordinarily have a positive ionic charge when ionized, but can have a negative charge [B] .
Ionic charges (on the particle surface).-Positive and negative charges at the particle surface resulting from ionization of acidic and basic residues or their reaction products [+ and -in zone (2) of 5, the ionization of the hydroxyl groups will be suppressed and of the hydrogen atoms will be encouraged. Now, if the solution contains such ions as ( -f! combine with the particle ai<?5V they will displace hydrogen ions and This change will decrease the ratio of acidic to amphoteric constituents (acidoid to amphorytoid ratio), thus lowering the ratio of acidic to basic residue, until the hydrogen and hydroxyl ions dissociated from the clay particle are again equal in number. Suppose particle (b), figure 3, is isoelectric at pH 5. If it is leached by a solution containing such ions as (H -Si0 3 -)~a nd having a pH value of 3, the ionization of the residual hydrogen atoms will be suppressed and of the hydroxyl groups will be encouraged, resulting in the displacement of the latter by the above complex ion which will combine with the particle. This change will increase the ratio of The volume of water imbibed by the 10-micron particle will be 1.5 percent, by the 1-micron particle 15.8 percent, and by the 0.1-micron particle 238 percent of the original volume of the particle.
It is evident that, other conditions being constant, the colloidality of a clay (if we assume imbibition to be a distinctly colloidal property) increases greatly as the particle size decreases or the specific surface increases.
Mattson found 32 that the imbibed water in a clay can be removed by application of pressure, the volume removed being proportional to the cube root of the pressure applied. He states that this relation is caused by the increase in osmotic pressure as the micellar ion concentration increases on approaching the particle surface. According to the theory presented here it is true that the particle proper has a negative net ionic charge increasing from just above the isoelectric pH, at which the net charge of the particle proper is zero, to a maximum at the pH of maximum deflocculation. This negative ionic charge is due to the increased dissociation of adsorbed basic atoms or groups and the decreased dissociation of adsorbed acidic atoms or groups from the clay particle as the pH of the suspending medium is increased. Now, if at the same time the pH is increased a cation high in the Hofmeister series is added to the suspension in sufficient concentration to replace the adsorbed ions lower in the series, the number of ionic charges on the clay particle proper will be tether increased. However, for every negative ionic charge on the particle there is a positive ionic charge on a cation in the micellar atmosphere and even though they may not neutralize each other completely individually, the net negative charge of the particle will always be equal to the net positive charge of its atmosphere under equilibrium conditions. It is reasonable to believe that two such micelles approaching each other in suspension would be repelled by the like net ionic charges of their particles and of their atmospheres but would be attracted an equal amount by the unlike net ionic charges of the particle of each and the atmosphere of the other. The motion of the particle in an electric field is caused by upsetting the equilibrium or changing the potential between the particle surface and its ion atmosphere, the cations being attracted by the cathode and the negative particle by the anode. At the isoelectric pH there is zero potential between the particle and its atmosphere and hence an electric field produces no motion of the particle.
In the coagulated condition the layer of imbibed water is thin and hence the clay particles are close enough together to attract each other molecularly. Also, the presence of polyvalent ions would make it possible for one ion to neutralize opposite ionic charges on more than one particle, thus holding the particles together. This phenomenon has been investigated by Marshall, 35 Shape, size distribution, and degree of aggregation of the particles will affect the ease with which they will slide or roll over one another (ease of deformation) and also the amount of interstitial space rilled by capillary water. The amount of this capillary water will be governed also to some extent by the thickness of the imbibed water films and will in turn influence the consistency of the mass. Possibly the adhesion tension between the clay and the water as discussed by Clark 37 has some influence on plasticity (and deflocculation), but, in view of the work of Mattson previously cited, the conclusion that addition of small quantities of alkalies decreases the thickness of the " absorbed" (imbibed) water films, causing deflocculation, would seem erroneous.
Consider the plasticities of a comparatively coarse-grained kaolin and a fine-grained ball clay. The former will contain fewer and probably thinner imbibed water films, and will imbibe a smaller percentage of the total water necessary to produce plasticity. Due to the greater force between adjacent particles the kaolin will tend to form aggregations which will cause it to retain larger amounts of capillary water and also give the effect of increased particle size. 
